The colony type variants of Xanthomonas campestris pv. oryzae derived from wild type during subculture on PSA medium were greatly different in virulence one another and most of them were attenuated as compared to wild type. Virulence of these variants was closely related with colony types, serological properties, autoagglutination in 1% CaC12 solution, phage sensitivity and ability of slime polysaccharide production. In general, the colony type variants Lw (large, smooth, waxy yellow) and Lh (Large, dark yellow, with halo) of serovar A produced greater amount of slime polysaccharide and were more virulent than the variants St (small, transparent) and Sm (small, mucoid) of serovar B-II. The variants Ld (large, dark yellow) and Lh of serovar B-I were intermediate between serovar A and B-II in virulence and polysaccharide production. Avirulent and weakly virulent variants of serovar B-I and B-II agglutinated remarkably in 1% CaC12 solution while wild type and virulent variants did not. No correlation was observed between their bacteriological properties and pathogenic specialization. Weakly virulent and avirulent variants interfered with wild type to suppress symptom expression. The decrease of virulence during subculture of X. campestris pv. oryzae was considered to be mainly caused by the population increase of weakly virulent and avirulent variants and partially caused by interference of these variants to wild type in symptom expression.
Introduction
The relationship between pathogenicity and colony type in plant pathogenic bacteria was first studied by Okabe21, 22) Fujii10) reported that the population of avirulent mutants of X. campestris pv. oryzae gradually increased during the course of subculture on synthetic medium. Little differ ence, however, was noticed in colony type, lysotype or other physiological properties between virulent wild type and avirulent mutants11, 26) . Furthermore, Fujii et al.11) reported that when a mixture of virulent and avirulent strains was inoculated on rice leaves, lesion enlargement was inhibited in proportion to the concentration of avirulent strain added. According to the report of Reddy and Kauffman23), X. campestris pv. oryzae isolates maintained on PSA medium lost virulence with the lapse of time. They also reported on the interference of the attenuated translucent type mutants to reduce the virulence of wild tune.
In this experiment, the bacteriological properties closely related with virulence were comprehensively investigated by using variants of X. compestris pv. oryzae. isolates incited lesions of 10-19cm length, while others were less virulent or avirulent.
Materials and Methods
All isolates belonging to serovar B-II developed lesions shorter than 4cm, including two The clones of X. campestris pv. oryzae obtained from subculture of the isolates Q 7472 and Q 7447 were also tested for their virulence. Among the clones of the isolate Q 7472, those changed in serovar from A to B-I or B-II such as Q 7472-Lh-5, -St-1, -St-2, -St-3, -St-4 and -St-5 showed less virulence than the parent or unchanged clones. Smilar results were also obtained with the isolate Q 7447 and its clones. In general, most of the clones of serovar A with colony types of Lw and Lh showed strong virulence, while Ld (serovar B-I), St and Sm (serovar B-II) type variants were weakly virulent or avirulent as shown in Table 3 .
Relationship between serovar and pathogenic group
Eighty-four isolates of X. campestris pv. oryzae were inoculated to the differential varieties of rice at heading stage for identifying their pathogenic groups.
Of the 65 a) The response of some differential varieties was not clear. b) Number of the bacterial isolates belonged to the group. (Table 6 ). Interference of weakly virulent or avirulent variants to the virulence of wild type
The interference of the colony type variants Lh and St against a virulent wild type Lw in the symptom expression was studied. As shown in Table 7 , when Lw suspension mixed with Lh or St suspension (concentration ca. 109 cells/ml) at a ratio of 1:1 was Table   7 .
Interference of weakly virulent and avirulent clones of X. campestris pv.
oryzae to the virulent wild type by mixed inoculation a) Lesion length in cm.
inoculated, the lesion length was suppressed as compared with that incited by Lw alone.
These results suggest that some interaction probably occurred in host tissue between the wild type Lw and variants of Lh or St during the disease development.
Discussion
Husain and Kelman15) reported that the virulent isolates of P. solanacearum (F-type) produced polysaccharides in the host tissues which played an important role in the disease development.
They also pointed out that, although avirulent mutant may propagate in the inoculated xylem tissues to some extent, the propagation was not enough to produce sufficient amount of polysaccharide or enzymes for developing symp toms. These phenomena were also comparable to those in X. campestris pv. oryzae14).
When X. campestris pv. oryzae isolates were subcultured on PSA medium, the virulence remarkably decreased with the length of culture period. Some studies have been carried out for approaching toward the mechanism of this phenomenon.
Goto and Okabe14), Goto13), and Reddy and Kauffman23) reported that most of the W colonies were highly virulent, while T colonies were less virulent.
Fujii10) also reported similar results. White colony type variants were reported to develop frequently in the stock culture of less virulent strains20). According to the reports of Lin et al. 18 ) and Addy and Dhal1), virulent isolates were different from weakly virulent isolates in serological properties. Besides X. campestris pv. oryzae, Kellog et al. 16 ) demonstrated similar relationship between colony morphology and virulence in Neisseria gonorrhaeae.
In most of the reports published up to the present, however, each bacteriological property closely associated with virulence was independently emphasized. Choi The virulence of plant pathogenic bacteria is usually suppressed when inoculation was made together with different species of pathogenic bacteria, saprophytic bacteria or avirulent isolates of homologous species2,3,8,9,10,11) Similar phenomenon was also observed between wild type of X. campestris pv. oryzae and its avirulent variant in this experiment.
This fact suggests the presence of some interactions between virulent and avirulent variants inside host tissue. The mechanism of the interaction, however, is unknown.
The attenuation of virulence in X. campestris pv. oryzae during subculture on PSA medium is undoubtedly caused by the increase of the population of avirulent variants, and the interference of this avirulent variants to wild type also has an additional effect to suppress symptom development. Therefore, as already reported by Ezuka9), highly virulent clones will be able to isolate by single colony isolation from subcultures attenuated in virulence.
Literature cited
